The study area is located at Ramaiyanpatti on the Northwestern side of Tirunelveli city (Fig. 1) . Tirunelveli is the sixth largest city in the state of Tamilnadu, with an area of 108.65 sq. km and a population of 475,000 (according to Pol. J. Environ. Stud. Vol. 24, No. 6 (2015), [2761][2762][2763][2764][2765][2766] 
Introduction
Rapid urbanization has caused numerous hazards and poses serious environmental threats to surroundings and nearby residents by solid waste disposal dumpsites [1] . More often, in some cities, the generated huge amount of solid waste of cities is just dumped in open yards without geo-membrane lining the ground to protect from infiltration and transportation of the contaminants of the solid waste into the soil and the groundwater. Prior processing of the waste as per accepted means of solid waste management is also not being done [2, 3] . The leachates from these open dumps contain many substances that can contaminate the groundwater at large and hence make the groundwater unsuitable for domestic and agricultural purposes [4] . The impact of such studies on groundwater quality can be assessed by analysing the physico-chemical parameters at a number of well points present in the study area.
The study area under investigation, located at Ramaiyanpatti in Tirunelveli Municipal Corporation, is naturally an undulating area used for disposal of urban solid waste for the last 15 years through the practice of open dumping without application of engineering principles that protect the environment against pollution. In addition to the solid waste dump yard, a low-cost sewage treatment plant (stabilization ponds) is also present in the study area for treating 24 million litres per day (MLD) Municipal Corporation sewage. The present study is undertaken to determine the physico-chemical parameters in the groundwater due to the discharge of leachate from the open dumpsite to the underlying groundwater aquifer system in the area. the 2011 census) and a floating population of more than 50,000 [5] . It is located at 8º45′04″ north latitude and 77º41′31″ east longitude. The Tamirabarani River flows through the corporation area. It is well connected with road and rail. The city is a hub for various businesses, including retail and wholesale markets.
Tirunelveli enjoys a subtropical climate. The period from May to June is generally hot and dry. The weather is pleasant during the period from December to January. Relative humidity is on an average between 79 and 84%. The daily mean minimum temperature is 22.9ºC and maximum temperature is 33.5ºC [6] .
The open dumping site is surrounded by a road in the eastern side and Megamudaiayarkulam tank bund in the western side. The terrain of the disposal site slopes eastward and is in the region of Megamudaraiyarkulam anicut. An agricultural field (paddy field) and residential area are situated adjacent to the site. In addition, the sewage treatment plant for Tirunelveli Corporation of capacity 24 MLD is situated in the southwest corner of the dumpsite.
Composition and Quantity of Solid Wastes of the Study Area
It is observed that the entire area of the dump site is filled with solid waste without any systematic and scientific manner as laid down by engineering principles. The solid wastes are not covered by a soil layer so as to enable the decomposition of organic matter for every subsequent disposal. The bottommost layer of the open dumpsite is not properly lined and hence there is no provision for the collection of leachate and gas produced. It is found that the depth of solid waste varies from 2.2 m to 2.8 m and average depth is 2.5 m. It is observed from the past history that the solid wastes of the open dumpsite caught fire then and there, and this fire continues for two or three days twice in year. The reason or route cause for the fire is unknown.
By visual observation of solid waste, it is found that it consists of various constituents like paper, organic matter, metals, glass, ceramics, plastics, textiles, dirt, and wood. The composition of solid waste was determined by sorting waste into components for weighing to determine the percentage of each component. The composition of solid waste (% by weight) consisted of 68.41% bio degradable; 8.98% plastic; 3.98% paper; 1.62% metal, glass, and rubber; and 17.10% inert with sand and debris. The per capita generation of solid waste in 2011 was 0.32 kg and would be around 160 metric tons daily.
Materials and Methods
Geophysical prospecting has been carried out to delineate the subsurface condition of the study area. One of the suitable geophysical prospects, called electrical methods, is used for the purpose of exploration [7] . Vertical electrical sounding using an SSR MP-ATS (signal stacking digital resistivity meter) has been done at 10 locations selected randomly toward natural sloping terrain, i.e. the eastern side of the dump area. In the electrical method Schlumberger's array is used for electrode configuration. Four electrodes were used as shown in Fig. 2 . An electrical field is created using current electrode C1C2, which is fixed at a distance AB (AB/2 is the depth covered). Using P1P2 electrodes the potential difference was measured (resistivity value R) between the points MN. Reading R is multiplied by a depth constant (K) to obtain the resistivity value (ρ):
]×3.14 / 2(MN/2) The resistivity value is inversely proportional to the conductivity of the subsurface formation (rocks and groundwater) [8] [9] [10] . Likewise, the resistivity of the area decreases as the presence of pollutants increases.
Groundwater Sample Analysis
Groundwater samples were collected from bore wells at nine locations around the dump site. Samples were collected in each bore well on three different occasions within a period of one week. The samples were tested for various physico-chemical parameters such as pH value, total dissolved solids (TDS), electrical conductivity (EC), total hardness (TH), total alkalinity (AL), acidity (AC), sulphates (SO 2¯) , chloride (Cl¯), fluoride (F¯), iron (Fe ++ ), and bio-chemical oxygen demand (BOD) as per standard methods [11] [12] . The results are tabulated in Table 1 .
Results and Discussion
The acquired apparent resistivity data set at nine groundwater sampling locations and dumpsite are presented in Table 2 . The results of the interpretation of vertical electrical sounding (VES) data revealed that different geoelectrical layers do exist and are expressed in terms of their resistivities at specified depths in the study area [10] . A total of three to four geo-electrical layers were delineated with varying curve types, reflecting the lithological variations with depth [13, 14] . The nature of the curve types suggests that the measured resistivity varies with depth of investigation in the study site. The topmost layer consist of dry soil. The subsurface formation consists of dry soil, followed by a weathered zone, weathered/fractured zone, and compact rock.
The interpretation indicates that the weathered zone constitutes the main aquifer unit. The VES results show that the depth of groundwater table in the study area is about 4.5 to 7.5 m. The result of electrical prospecting's lowest resistivity values are shown at the dump site, at Shivaji Nagai, and at Annaivelakani Nagai, and are 6.5 Ωm, 4.03 Ωm, and 17.3 Ωm, respectively. Highest resistivity values were observed at points where there is no contamination (i.e., far from the western side of the dumpsite), such as the police colony and veterinary college, and are 40.21 Ωm, 156.1 Ωm, and 70.33 Ωm, respectively. Groundwater not affected by leachate intrusion was indicated by high resistivity values. Comparatively lower resistivity has been observed toward the northeastern side of the dumpsite. The direction of contaminant transport has been identified as in the northeastern direction of the dump site using the electrical resistivity method.
Higher values of the measured parameters from the physico-chemical analysis of water samples in the existing wells indicate that the contaminations of the groundwater mainly result from infiltrations of solid waste leachate, and this fact is also confirmed by geophysical data [15] .
Urban solid waste is heterogeneous in nature and consists of a number of different materials derived from various types of activities. The major constituents are biodegradable, inert, sand, and debris materials. Other materials like metal, glass, rubber, plastic, and paper are generally present in different proportions, and their relative proportions depend on local factors. The composition of solid waste is essential for providing the basic data on which the planning of the solid waste management system depends. It includes selection of appropriate equipment and technology and suitable processing, recovery, and recycling.
The mean values of the water analysis results obtained from each bore well are shown in Table 1 . The standards for drinking and domestic use for the various parameters tested were taken from the Bureau of Indian Standard Specifications (IS-10500:1995) [16] .
The pH values for all sampling wells were at the lessthan-desirable limit of 6.5-8.5. Total hardness of the groundwater is very high: 1,368 mg/l, 1,068 mg/l, and 1,090 mg/l in the samples collected from Shivaji nagar, Annaivelakani nagar, and the northeastern side of the stabilisation point, respectively, when compared to the standards prescribed as 300 mg/l measured as CaCO 3 for drinking. Table 2 . Vertical electrical sounding for sampling stations inside dumpsite.
The presence of this total hardness in water is objectionable from the view point of scale formation when heating, and it also consumes more detergents while washing. However, Dzik [17] has reported an inverse relationship between water hardness and cardiovascular disease. Bio-chemical oxygen demand (BOD) values ranged between 2.00-6.20 mg/l in the study area. The BOD content in the ground water indicates the presence of organic content. The BOD values in the Shivaji nagar, Annaivelakani nagar, and the western side of the stabilization pond are 4.60 mg/l, 6.20 mg/l, and 4.6 mg/l, respectively -indicating that the groundwater is polluted with organic pollutant.
Total dissolved solids are a measure of total inorganic substances dissolved in water [18] . The total dissolved solids in Shivaji nagar, Annaivelakani nagar, and the point near the northeastern side of the waste stabilization ponds are very high at 3,050 mg/l, 2,300 mg/l, and 3,070 mg/l. These values are very high when compared to the drinking standards desirable limits of 500 mg/l. Higher dissolved solids concentrations reduce the palatability of water and may cause gastrointestinal irritation [19] .
The electrical conductivity values are observed to be high at Shivaji nagar, Annaivelakani nagar, and the point near the northeastern side of waste stabilization pond at 3,920 μS/cm, 3,210 μS/cm, and 3,980 μS/cm, which exceeds the prescribed limits of 2,250 μS/cm -indicating highly saline water unfit for irrigation [20, 21] .
High chloride concentrations were observed at all wells except Megamudiyarkulam sastha in the western side of the dump yard, and the values are in the range of 250-895 mg/l. The standard for this parameter for drinking purposes is 250 mg/l. Beyond this limit, taste, corrosion, and palatability are affected [22] . High chloride concentration indicates that the groundwater is affected by the dumpsite leachates.
In all wells, alkalinity values are in the range of 432-845 mg/l, which is above the standard limit of 200 mg/l. The taste becomes unpleasant beyond the limit of the standards.
Sulphate concentrations in bore wells were found to be less than 200 mg/l, which is within the standard limit of 200 mg/l (except in two wells in which the sulphate concentrations were less than 260 mg/l). This causes gastrointestinal irritation beyond the standard limit when magnesium and sodium are present [23, 24] . Except in those two wells, the tested values in all the wells are within limits.
Iron concentrations in all the wells are in the range 0.05-0.2 mg/l -below the standard limit of 0.3 mg/l.
Conclusion
In the study area at Ramayanpatti, the groundwater quality shows increased values of some physico-chemical parameters that exceed the permissible limits of the standards. Groundwater quality is generally not suitable for drinking and other domestic applications, which is revealed from the parameters examined. It is also not suitable for vegetation since the conductivity values are very high and, in addition, higher concentrations of chlorides were also present.
The area on the northeastern side of the waste stabilization pond, namely Annaivelankani nagar and the Shivajinagar, is most affected by leachate infiltrations in the groundwater. Annaivelankani nagar is in the northeastern side of the waste stabilization pond affected by wastewater infiltration. Shivaji nagar is located in a low-lying area northeast of the dumpsite and is most affected by infiltration of leachate into the groundwater aquifer.
The present work shows that the dumpsite leachates constitute a serious hazard to the local aquifer. To minimize the impact of such leachates on groundwater quality and the environment in general, it is necessary to properly design, construct, and manage the dumpsite facilities using engineering principles to prevent pollution. Regular monitoring of groundwater in that region is required and essential for a longer period in order to verify the influence of seasonal variations on contaminant concentrations. The importance of groundwater is recognized well in Tamil Nadu, India, and this resources must be protected as it is the major available source of water for domestic and irrigation purpose in this region.
